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Abstract—Aquaculture area monitoring is of great importance 
for coastal zone sustainable management and planning. This 
paper focuses on the development and assessment of an 
automatic approach for aquaculture mapping in coastal zone 
from TM imagery. The contribution mainly consists of three 
aspects: first, utilizes the Multi-scale segmentation/object 
relationship modeling (MSS/ORM) strategy on the object based 
image analysis (OBIA) of TM imagery; second, evaluates the 
effectiveness GLCM homogeneity texture feature on pond 
aquaculture area information extraction; third, compares the 
analysis results from three different approaches, namely pixel-
based maximum likelihood classifier (MLC), One-step supervised 
OBIA with stand nearest neighbor (SNN) and MSS/ORM OBIA 
strategy. The final result shows that the MSS/ORM OBIA 
approach greatly improves the classification accuracy and has 
good potential for automatic pond aquaculture land mapping in 
coastal zone from TM imagery. 
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I. INTRODUCTION 
In recent years, global change has triggered widespread 
concerns around the world. Coastal zone is the interactive 
buffer zone between land and ocean with the characteristics of 
fragile and rapid changing, and it is of great importance to 
monitor the changing environment in coastal zone [1]. 
Aquaculture land has grown with rapid speed and high 
intensity in the last thirty years, especially in developing 
countries, such as China. Large areas of tidal marshes and 
beaches have been enclosed for aquaculture use, and this has 
exerted large Impact and created considerable disturbance on 
the fragile coastal ecosystem. Consequently, Effective 
monitoring and assessment approaches on the aquaculture land 
dynamic are in urgent need, toward sustainable coastal zone 
management. In the last decades, satellite remote sensing 
technique has shown great potential for coastal zone land 
dynamic monitoring, because of its advantage of wide field of 
view, good temporal resolution for monitoring. One of the key 
points on aquaculture monitoring is developing effective 
remote sensing image analysis approaches to extract 
aquaculture land dynamic information. 
Object-based image analysis approach is relatively new for 
remote sensing image analysis, but it grows rapidly in the last 
decade [2]. The strategies for OBIA approach toward 
effectively and intelligently image understanding is still 
developing, and schemas for the application of OBIA approach 
on information extraction from different imagery are still in 
need within remote sensing application communities. 
Therefore, to bridging the gap, this paper introduce OBIA 
schema on the analysis of TM imagery to extract pond 
aquaculture information from the complex coastal zone 
background environment. The following context consists of 
four parts: the second section introduces some background 
information on aquaculture and object based image analysis 
approach on remote sensing imagery; the third section shows 
the data and methods; the fourth section shows the result and 
the fifth section draws some conclusion. 
II. BACKGROUND 
A. Aquaculture 
Aquaculture, according to the definition of FAO-CWP, is 
the farming of aquatic organisms: fish, mollusks, crustaceans, 
aquatic plants, crocodiles, alligators, turtles, and amphibians 
[3]. In coastal zone, aquaculture farm can be distributed either 
in pond area enclosed by sea dam or in open seawater area. In 
pond area, the water depth can be controlled and the cultivated 
organisms are protected from tide affect. While in open 
seawater area, farms are usually formed with Rafts, cages, etc. 
These rafts and cages can form an enclosure space and protect 
farming organisms from escaping.  
The spatial distribution information of both the enclosed 
pond area for aquaculture and the open seawater area for 
aquaculture is of great importance for coastal zone 
management departments and communities. Traditional 
approach to obtain this information is by field investigation, 
but it costs large amount of human and financial resources. 
Newly method is delineating aquaculture area from moderately 
or very high spatial resolution remote sensing imagery, either 
by human interpretation or by computer classification. 
However, human interpretation can be costly for large area 
investigation, and conventional computer classification cannot 
meet the accuracy requirements of coastal zone management 
communities. Therefore, this research intends to develop an 
automatic schema for enclosed pond aquaculture area 
extraction from TM imagery. 
B. Object Based Image Analysis 
Remote sensing image analysis methods can be divided 
into two categories, namely pixel-based image analysis (PBIA) 
approach and object-based image analysis approach (OBIA) 
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 C. Evaluation 
In the validation experiment, results of three approaches are 
compared. 
1) Pixel based MLC:  
This approach select typical class sample on the image by 
human intervention, then classify the entire image by 
maximum likelihood classifier. Features selected for 
classification include TM band 2-5, and TM band 7. The 
experiment is performed in ENVI environment. 
2) One step SNN OBIA supervised strategy:  
This approach first segment the image into one object level, 
and the region-growing multi resolution segmentation 
algorithm is used in the first step. Parameters are set as: scale 8, 
color 0.9, and compactness 0.5. In the second step, typical 
sample of classes are selected by human intervention, and the 
standard nearest neighbor (SNN) classifier are chosen for 
supervised classification. The feature space consists of spectral 
features, shape features and textural features. 
3) MSS/ORM OBIA strategy:  
This approach use the analysis strategy illustrated in the last 
section of this paper. Object relationship between different 
scales is constructed, and spectral features, textural features 
and contextual features are used in the process. Part of expert 
knowledge is incorporated in the analysis procedure. 
 
IV. RESULT AND DISCUSSION 
The experiment result is shown in figure 1(d-f). Human 
interpretation result is shown in figure 1(c). Land area consists 
of urban area, vegetation area and small reservoirs and ponds 
enclosed by land area. Enclosed water areas are divided into 
two types, one is enclosed pond aquaculture area and the other 
is enclosed seawater area whose characteristics are different 
from enclosed pond area. 
A. Pixel-Based Approach  
As figure 1(d) shows, pixel based approach have good 
capacity to identify water from land area, but it can hardly tell 
the difference among the three water area. The main reason for 
this is that pixel based approach can only utilize spectral 
features in the process of image analysis. The salt-pepper effect 
is evident and annoying as well.  
B. One Step OBIA Supervised Strategy 
As figure 1(d) shows, this approach avoided the salt-pepper 
effect, and it have good potential to identify the four classes in 
the research area. However, it still cannot remove reservoirs in 
land area from the aquaculture class, and it can hardly tell the 
difference between enclose water area and open seawater area. 
In addition, the border of aquaculture area is irregular and it 
shows great difference with the result of human interpretation, 
which restricted the result to be used by coastal zone 
management and planning communities.  Furthermore, this 
approach requires human intervention on the step of class 
sample selection, which constrains the approach from 
automatic land information extraction. 
C. MSS/ORM OBIA Strategy  
As figure 1(e) shows, the result by this approach is very 
similar to the result of human interpretation, except some slight 
classification difference on the border area of land class and 
aquaculture class. The procedure is fully automatic, and one 
can tell from visual evaluation that the result is readily 
acceptable for GIS use. The experiment result shows the great 
potential for the OBIA approach on the automatic aquaculture 
land information extraction from TM imagery. 
V. CONCLUSION 
From the research showed in this paper, it can be concluded 
that TM imagery can be effective for moderate scale 
aquaculture mapping, and the MSS/ORM OBIA strategy 
shows good potential for automatic TM image analysis for 
extraction of aquaculture spatial information which are ready 
for GIS use. The advantage of GLCM homogeneity texture 
feature for pond aquaculture delination is shown in this paper 
as well. 
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